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DP-303841 

INJECTION NOZZLE 

5 TECHNICAL FIELD 

This invention relates to an injection nozzle suitable for use in a 
fuel injector for use in the delivery of fiiel under high pressure to a 
combustion space of a compression ignition internal combustion engine. 

10 BACKGROUND OF THE INVENTION 

An injection nozzle is exposed, in use, to the temperature within 
the engine cylinder or other combustion space. As a result, the parts of 
the injection nozzle which are exposed to such temperatures, for example 
the seating surface, must be able to withstand such temperatures without 

15 significant degradation which would otherwise result in an undesirable 
reduction in the service life ofthe injection nozzle. Further, the 
deposition of fuel lacquer within the injection nozzle, which can 
undesirably effect, for example, the fuel flow rate through the injector, is 
accelerated where the nozzle is exposed to high operating temperatures. 

20 In a known arrangement, in order to protect an injection nozzle 

from degradation resulting from the temperature within the cylinder or 
combustion space, a heat shield in the form of a tubular member is 
provided, the heat shield surrounding a part ofthe injection nozzle, 
shielding that part of the nozzle from combustion flames, in use, and 

25 conducting heat away from the injection nozzle. Although such an 

arrangement may result in the service life of the injection nozzle being 
increased, the provision ofthe additional heat shield results in the 
arrangement being relatively complex. Further, in some arrangements, 
insufficient space may be available to permit the use of such a heat shield. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide an injection nozzle in 

which the disadvantageous effects described hereinbefore are reduced. 

According to a first aspect of the present invention there is provided an 
5 injection nozzle comprising a nozzle body, at least a part of which is 

provided with a first coating arranged to reduce the temperature of at least 

a part of the nozzle body, in use. 

The provision of such a coating reduces the temperature to which 

at least the coated part of the injection nozzle is exposed, and thus reduces 
10 the risk of degradation and of the deposition of fiiel lacquer, and increases 

the service life of the injection nozzle. 

The first coating is conveniently provided over at least the part of 

the exterior of the nozzle body which is exposed to the temperature within 

the cylinder or other combustion space, in use, 
15 Typically, the first coating has a thickness of up to 1 mm. 

Conveniently, the nozzle body is received within an engine cylinder head, 

in use. The injection nozzle may be provided with one or more outlet 

opening, the or each outlet opening conveniently being provided in a tip 

region of the nozzle body which projects firom the cylinder head into the 
20 engine cylinder or other combustion space. 

In one embodiment of the invention, the first coating may take the 

form of a thermally insulating coating, the first coating having a thermal 

conductivity lower than the thermal conductivity of the nozzle body. 

Conveniently, the thermally insulating coating may be a ceramic material. 
25 In one embodiment of the invention, the injection nozzle may comprise a 

fiirther coating formed fi-om a material having a higher thermal 

conductivity than the thermal conductivity of the nozzle body, wherein 

the fiirther coating is applied to the first coating to provide a multi-layer 

coating. 
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Alternatively, in a preferred embodiment of the invention, the first 
coating may be formed from a material having a higher thermal 
conductivity than the thermal conductivity of the nozzle body. 

The provision of a coating having a higher thermal conductivity 
5 than the thermal conductivity of the nozzle body increases the rate of heat 
transfer from the nozzle body to the cylinder head within which the nozzle 
body is received. Thus, heat is transferred away from the one or more 
outlet openings provided in the nozzle body at a higher rate compared 
with arrangements in which the nozzle body is uncoated or in which the 

10 nozzle body is coated with a material having a lower thermal conductivity 
than the nozzle body. 

Conveniently, the nozzle body may be formed from steel. The first 
coating is preferably formed from any one of aluminium nitride, 
aluminium, copper, silver or gold. 

15 At least a part of the tip region of the nozzle body may be 

uncoated. This has the effect of ftirther improving the heat transfer away 
from the or each outlet opening. 

At least a part of the tip region may be coated with a second 
coating formed from a material having a lower thermal conductivity than 

20 the thermal conductivity of the nozzle body. This has the effect of 
reducing heat transfer to the tip region, whilst the coating of higher 
thermal conductivity increases heat transfer away from the tip region. 
Thus, the or each outlet opening reaches a lower operating temperature for 
given operating conditions. 

25 Conveniently, the second coating may be formed from a ceramic 

material. Typically, the second coating has a thickness of up to 1 mm. 

In one embodiment of the invention, in which the first coating has 
a thermal conductivity higher than that of the nozzle body, the injection 
nozzle may ftirther comprise an additional coating formed from a material 

30 having a lower thermal conductivity than the thermal conductivity of the 
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nozzle body, wherein the additional coating is applied to the first coating 
to provide a multi-layer coating.Preferably, the additional coating is only 
applied to a part of the first coating which is exposed to the temperature 
within the combustion space, in use. 

5 

Preferably, the first or second coatings may be bonded to the nozzle body 
by means of an additional subtrate material 

According to a second aspect of the present invention, there is provided a 
method of assembling an injection nozzle as herein described, the method 
10 comprising the steps of; 

initially providing a coating on the nozzle body of the injection 
nozzle, and 

subsequently forming one or more outlet opening in the nozzle 
body by drilling through the coating and the nozzle body. 
15 According to a further aspect of the present invention, there is 

provided a method of assembling an injection nozzle as herein described, 
the method comprising the steps of; 

forming one or more outlet opening in the nozzle body of the 
injection nozzle; 

20 providing shielding means in a region of the nozzle body of the 

injection nozzle in which the or each outlet opening is formed; and 
subsequently providing a coating on the nozzle body. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The invention will further be described, by way of example, with 

reference to the accompanying drawings in which; 

Figure 1 is a diagrammatic sectional view of an injection nozzle in 
accordance with an embodiment of the invention; and 
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Figures 2 and 3 are diagrammatic sectional views of alternative 
embodiments of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
5 The injection nozzle illustrated in the accompanying drawings 

comprises a nozzle body 10 having a blind bore 1 1 formed therein, the 
blind bore 1 1 being supplied with fiiel under pressure from a suitable 
source, for example the common rail of a common rail fuel system. The 
blind bore 1 1 is shaped to define, adjacent the blind end thereof, a seating 

10 surface 12. In use, a valve needle 17 is slidable within the bore 11. The 
valve needle 17 is shaped for engagement with the seating surface 12 to 
control communication between a delivery chamber defined between the 
bore 1 1 and the valve needle 17 upstream of the line of engagement 
between the valve needle 17 and the seating surface 12, and at least one 

15 outlet opening 13 which communicates with the bore 1 1 downstream of 
the seating surface 12. It will be appreciated that when the valve needle 
17 engages the seating surface 12, then fuel is unable to flow from the 
delivery chamber to the outlet opening(s) 13, thus fuel injection does not 
take place. Upon movement of the valve needle 17 away from the seating 

20 surface 12, fuel is able to flow from the delivery chamber past the seating 
surface to the outlet opening(s) 13 and injection of fiiel takes place. The 
position occupied by the valve needle 17 is controlled by any suitable 
technique, for example by controlling the fuel pressure within a control 
chamber defined, in part, by a surface associated with the valve needle, to 

25 control the magnitude of a force applied to the valve needle urging the 
valve needle towards its seating. 

Although the description hereinbefore is of a fiiel injector intended 
for use in a common rail type fiiel system, it will be appreciated that the 
invention is not restricted to injectors of this type, and that the invention is 

30 applicable to all types of fiiel injector, no matter how they are controlled. 
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As illustrated in Figure 1, the exterior of the nozzle body 10 is 
provided with a coating 14 of a ceramic material, the coating 14 being 
heat resistant and being relatively thermally insulating. Although in 
Figure 1, the ceramic coating 14 is applied over a large part of the exterior 
5 of the nozzle body 10, this need not be the case, and the coating 14 could, 
if desired, be applied only to the part of the nozzle body 10 to the right of 
the broken line 15, this being the part of the nozzle body 10 which, in use, 
projects into the cylinder or other combustion space of an engine, and 
being the part containing the seating surface 12, and so being the part of 

10 the nozzle body where there is the greatest risk of degradation, and also 
the region where the deposition of fuel lacquer is most problematic. It is 
thought that in order to achieve the desired level of thermal protection for 
the injection nozzle, it may be desirable to provide a coating of thickness 
up to 1 mm, although it will be appreciated that the invention is not 

15 limited to this particular thickness of material, and that the thickness of 
the coating will, in practise, be dependent, to some extent, upon the 
thermal properties of the coating material and the ability of the material of 
the nozzle body to withstand degradation resulting from exposure to high 
temperatures. It will be appreciated that altemative materials having 

20 similar heat-shielding properties to a ceramic material may be used for the 
coating 14. 

As it is thought that the formation of a ceramic coating of thickness 
up to 1 mm including openings which align with the outlet openings 13 
may be difficult to achieve, it is envisaged to provide the coating on the 

25 nozzle body 10 before the outlet opening(s) 13 are drilled, and that the 
outlet opening(s) 13 may be drilled through the ceramic material coating 
and the nozzle body 10 in the same operation. Alternatively, the nozzle 
body 10 may be shielded in the regions of the outlet opening(s) during the 
coating process to prevent outlet openings being coated. The coating may 

30 additionally or alternatively, if desired, be provided in suitable places on 



7 

the nozzle body 10, prior to heat treatment of the nozzle body 10, thereby 
sheilding the nozzle body 10 and thus avoiding the formation of a carbon 
rich layer in places where it is not desired. 

Figure 2 shows a fuel injector in accordance with a further 
5 alternative embodiment of the invention in which similar parts to those 
shown in Figure 1 are denoted with like reference numerals. In the 
embodiment shown in Figure 2, the nozzle body 10 is arranged within an 
engine cylinder head 20 in a conventional manner, the nozzle body 10 
being received within a cap nut 22 which is received within a further bore 

10 provided in the cylinder head 20. The nozzle body 10 is provided with an 
annular sealing member 24 which is arranged to provide a seal between 
the associated engine cylinder into which fuel is delivered and the upper 
parts of the injection nozzle and the cylinder head 20. A part of the length 
of the nozzle body 10 is received within the further bore provided by the 

15 cylinder head 20, the nozzle body being provided with a tip region 26 

which projects through the open end of the ftirther bore into the associated 
engine cylinder or other combustion space. The tip region 26 of the 
nozzle body 10 is that part of the nozzle body 10 which contains the 
seating surface 12 and the outlet openings 13, and is therefore that part of 

20 the nozzle body 10 where there is the greatest risk of degradation and the 
region where the deposition of fuel lacquer is most problematic. 

In the embodiment shown in Figure 2, the exterior of the nozzle 
body 10 is provided with the coating 14s formed from a material which 
has a higher thermal conductivity than the material from which the nozzle 

25 body 10 is formed, rather than being formed from a material having a 

lower thermal conductivity. Usually, the nozzle body 10 is formed from a 
steel alloy having a thermal conductivity in the region of 50 W/mK- 
Thus, suitable materials from which the coating 14a may be formed 
include aluminium nitride (having a thermal conductivity of 200 W/mK), 

30 aluminium (having a thermal conductivity of 204 W/mK), copper (having 
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a thermal conductivity of 384 W/mK), silver (having a thermal 
conductivity of 407 W/mK) or gold (having a thermal conductivity of 310 
W/mK). It will be appreciated, however, that alternative materials having 
similar thermal properties to the aforementioned materials may also be 
5 used for the coating 14a. 

As the coating 14a applied to the nozzle body 10 has a higher 
thermal conductivity than the nozzle body itself, the rate of heat transfer 
to the nozzle body 10 will be slightly higher than for the case where no 
coating is applied or where a coating 14 of lower thermal conductivity 

10 than that of the nozzle body 10 is applied, as described previously. In the 
embodiment shown in Figure 2, heat is transferred from the tip region 26, 
including the region in which the outlet openings 13 are formed, to the 
cylinder head 20 and the sealing member 24 at a higher rate. The net 
effect of providing the coating 14a of relatively higher thermal 

15 conductivity is therefore to increase the rate of hear transfer away from 
the region of the nozzle body 10 where the deposition of fuel lacquer is 
most problematic. Thus, the operating temperature of that part of the tip 
region 26 containing the outlet openings 13 is reduced. 

As shown in Figure 2, the coating 14a is applied to the part of the 

20 nozzle body 10 which projects from the cap nut 22, and an enlarged 

diameter region of the nozzle body 10 which is received within the cap 
nut 22. By applying the coating to the enlarged diameter region of the 
nozzle body, heat is conducted more effectively to the cap nut 22. 

Figure 3 is a ftirther alternative embodiment of the invention, in 

25 which like reference numerals are used to denote similar parts to those 
shown in Figures 1 and 2. In this embodiment of the invention, the 
coating 14a, having a higher thermal conductivity than the thermal 
conductivity of the nozzle body 10, is only applied along a part of the 
exterior of the nozzle body 10, including the part of the exterior of the 

30 nozzle body 10 received within the cylinder head 20, such that at least a 
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part of the tip region 26 remains uncoated. This further increases that rate 
of transfer of heat away from the region of the nozzle body 10 provided 
with the outlet openings 13 to the sealing member 24 and the cylinder 
head 20, thereby further reducing the operating temperature of this region 

5 of the nozzle body 10. It will be appreciated that more or less of the 

exterior of the nozzle body 10 may be coated, such that more or less of the 
tip region 26 to that shown in Figure 3 remains uncoated. 

In a still further preferred embodiment, the part of the tip region 26 
which is uncoated in Figure 3 may be coated with a material having a 

10 lower thermal conductivity than the thermal conductivity of the nozzle 
body 10. For example, at least a part of the tip region 26 may be coated 
with a ceramic material. This provides the further advantage that the rate 
of heat transfer to the ceramic coated part of the tip region 26 is reduced, 
whilst the coating 14a of higher thermal conductivity increases the rate of 

15 heat transfer away from the tip region 26. Thus, the operating 

temperature of the part of the tip region 26 provided with the oudet 
openings 13 is further reduced. 

In order to achieve the desired level of heat transfer away from the 
nozzle body 10, it may be desirable to provide a coating 14a having a 

20 thickness of up to 
1 mm. 

In a further alternative embodiment to those shown in Figures 1 to 
3, the nozzle body 10 may be provided with a multi-layer coating, 
whereby a first coating having a lower thermal conductivity than the 

25 thermal conductivity of the nozzle body 10 is applied to the nozzle body 
10 (as shown in Figure 1) and a further coating having a higher thermal 
conductivity than the thermal conductivity of the nozzle body 10 is 
applied to the first coating. Typically, the further coating may be formed 
from a material having properties similar to that of the coating 14a, as 

30 described previously with reference to Figures 2 and 3. As described 
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previously, the first coating serves to insulate the nozzle body 10, whilst 
the further coating will aid the conduction of heat away from the nozzle 
body 10. Alternatively, the order in which the coatings are layered may be 
reversed such that a first coating having a relatively high thermal 
5 conductivity is applied to the nozzle body 10 and an additional coating 

having a relatively low thermal conductivity is applied to the first coating. 
Typically, the additional coating may be formed from a material having 
properties similar to the coating 14, as described previously with 
reference to Figure L This altemative embodiment is particularly 
10 advantageous if the additional coating (i.e. the outermost layer) having a 
relatively low thermal conductivity is only applied to a lower region of the 
nozzle body 10, preferably only that region which projects from the 
cylinder head 20 and is exposed to temperatures within the combustion 
space. 

15 In any of the embodiments of the invention, and for either a 

ceramic or other material, an additional substrate material may be applied 
to the nozzle body 10 to which a coating 14, 14a is to be applied to ensure 
satisfactory bonding of the coating(s) to the nozzle body. Additionally, in 
any of the embodiments of the invention, the nozzle body 10 preferably 

20 forms an interference fit within the cylinder head 20, as this improves the 
effectiveness of the coating 14, 14a. The effect of the coating(s) is also 
improved if the nozzle body 10 forms an interference fit within the cap 
nut 22, 

As mentioned hereinbefore, the invention is not restricted to the 
25 particular type of injector described hereinbefore, or to injectors suitable for use 
with common rail type fuel systems. By way of example, the invention is also 
appUcable to fuel pressure actuable injectors suitable for use with rotary 
distributor pumps, to injectors of the outwardly opening type and to injectors 
having more than one set of outlet openings and having a valve needle operable 
30 between first and second stages of lift. 



